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ABSTRACT
The Association between Maternal HIV status and Low Birth Weight Offspring,
Malawi DHS 2010
By
Sterner Moses Msamila
INTRODUCTION: Low birth weight (LBW) is a public health problem in developing countries
including Malawi. It is an intermediate endpoint of maternal lifestyles and health status, and a
powerful predictor of newborn’s survival. Over 30 risk factors have been associated with LBW,
but the role of maternal HIV infection as an underlying factor for LBW is not yet well established.
Understanding whether or not maternal HIV status is a risk factor for LBW is key in the prevention
of LBW and its life time health effects.
AIM: The purpose of this study was to examine the association between maternal HIV status and
LBW in Malawi using DHS 2010 data.
METHODS: This study analyzed 7716 mother-child pairs from the 2010 Malawi Demographic
and Health Survey (DHS) data using SAS 9.4 program. Student’s t-test and Chi-square test were
applied, for continuous and categorical variables respectively, to compare maternal and child
characteristics by HIV status and LBW status separately. Bivariate logistic regression was
performed and crude odds ratios were determined to ascertain the relative measure of effect of
maternal and fetal characteristics on outcome variable (LBW). Then, multivariable logistic
regression analyses were performed to examine the association between maternal HIV infection
and LBW adjusting for covariates. Statistical assessment of interaction between HIV infection and
covariates on LBW was made. A p-value of <0 .05 or 95% confidence intervals were used to
determine statistical significance throughout all the analyses performed.
RESULTS: The proportion of LBW infants was 9.45% in total, with 13.60% among HIV positive
women and 9.26% among HIV negative women (p 0.0337). A multivariable logistic regression
model showed that HIV positive mother was 77% more likely [odds ratio (OR) 1.77, 95%
confidence interval (CI) 1.17-2.67] than HIV negative mother to give birth to LBW infant. The
odds of LBW also increased among teenage women (OR = 1.86; 95% CI = 1.47, 2.35), women
without education (OR = 1.66; 95% CI = 1.13, 2.43), low income (OR = 1.37; 95% CI = 1.05,
1.78), and Chewa ethnicity (OR = 1.92; 95% CI = 1.39, 2.66). However, LBW was not associated
with child sex, marital status, or prenatal care. Though not statistically significant, the association
between HIV infection and LBW was modified by increase in age, unmarried marital status, and
inadequate prenatal care.
DISCUSSION: These findings are consistent with other previous studies that showed that
maternal HIV status is a significant risk factor for LBW.
CONCLUSION: The study has substantiated the need to recognize HIV-positive pregnant
mothers as high risk obstetric patients who need extra support and care during pregnancy and
delivery, and the need to intervene with supplemental nutritional interventions during antenatal
clinics and strengthen HIV prevention among women of child bearing age to reduce LBW infants.
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CHAPTER I
INTRODUCTION
1a. Background
Human Immunodeficiency Virus (HIV) is an infection of public health problem with about
36.9 million people living with the virus in 2014, and about 25.8 million (70%) of them live in
sub-Saharan region (SSA) (Joint United Nations Programme on HIV/AIDS, 2015). In 2003, the
global prevalence of HIV among 15-49 age group was 1.1% with the sub-Saharan region having
the prevalence of 7.5% while the rest of regions/countries having the prevalence of less than 1%
(UNICEF, 2005). Globally women remain the most vulnerable group with prevalence of 52% of
all HIV infected persons (Joint United Nations Programme on HIV/AIDS & World Health
Organization, 2013) and it is estimated that in 2012, SSA harbored 92% of all HIV-infected
women and 90% of all HIV-infected pregnant mothers. In 2013, about 1.4 million pregnant women
were HIV infected globally, many of which were from SSA (World Health Organization, 2014).
Malawi, just like other sub-Saharan countries, has high prevalence of HIV/AIDS. In 2010 the
prevalence among adults aged 14-49 was 10.6% at national level, 12.9% among women, and 8.8%
among pregnant women (National Statistical Office (NSO) and ICF Macro, 2011).
LBW, defined as a birth weight below 2500 grams, is also a global public health problem
since it is both a sequelae of maternal health and a predictor of child’s health. Globally, the
prevalence of LBW is 15.5%, and about 20 million children are born with a low birth weight
(LBW) every year and 95.6% of these children are born in low-income countries (Wardlaw, WHO,
& UNICEF, 2004). Estimates shows that the incidences range as high as 25% in countries like
India, to as low as 7.6% in United States, 5–6% in the Scandinavian countries, and 6% in the
United Kingdom (UNICEF, 2005). In Malawi, it is estimated that about 12-15% of 600,000 babies

are LBW infants (National Statistical Office (NSO) and ICF Macro, 2011, Oestergaard et al.,
2011). LBW has adverse effects on child’s health and is the leading cause of death in children
under 5 years (Blencowe et al., 2012). It is reported that about 60-80% of neonatal deaths is due
to LBW (WHO, 2004). Therefore, attempts to determine factors that are associated with LBW in
low-income countries are needed to contribute towards reduction of morbidity and mortality of
children.
Many studies conducted on LBW have focused and acknowledged the effects of maternal
age, education, marital status, income, body mass index (BMI), alcohol drinking, child sex, and
smoking status has on the child’s development and resulting LBW. However, the role of maternal
HIV status as an underlying factor for LBW remain an area where strong evidence is lacking. For
most low-income countries like Malawi where HIV in the general population and among pregnant
mothers, and LBW are prevalent, a thorough description of the association between maternal HIV
and LBW is lacking.
Published studies indicate that maternal factors including maternal HIV status are
associated with a higher risk of LBW infants (Salihu et al., 2012; Ndirangu et al., 2012; Nkhoma
et al., 2012; Wilkinson et al., 2015). However, these studies are conducted in countries where there
is much lower prevalence of HIV pandemic than Malawi. For instance, the retrospective study
conducted in Japan in 2011 reported prevalence of LBW to be 4% (Murai et al., 2017) while survey
based on general population reported LBW prevalence of 12.3% in Malawi (National Statistical
Office (NSO) and ICF Macro, 2011). Similar studies from Malawi were facility-based which
limited generalizability of the results. As the prevalence of HIV among Malawian women is
reported to be significantly higher, the overall impact of HIV on LBW is expected to be much
higher. Previous studies also relied on findings based on smaller sample sizes and controlled for
2

fewer risk factors. Due to these methodological issues, such studies tend to underestimate the
association between maternal factors and LBW.
1b. Purpose of Study
More than 30 maternal characteristics such as obesity/overweight, underweight, diet,
physical activity, drug, alcohol drinking, smoking, and socioeconomic status (SES) have been
associated with an increased risk of LBW (Valero de Bernabé et al., 2004). Some of these risk
factors can be hypothesized to modify the association between HIV infection and LBW.
Considering the public health importance of HIV infection and the fact that LBW is an
important risk factor for infant mortality in sun-Saharan Africa, this study assess whether maternal
HIV infection/status is associated with a low birth weight infants. This thesis will supplement the
limited amount of research done with regards to impact of maternal HIV infection on infants’ birth
weight. While controlling for several variables, the association between maternal HIV status and
LBW among Malawian population will be examined using 2010 Demographic and Health Survey
(DHS) data. A better understanding of maternal HIV infection as a risk factor for LBW is of great
importance for prevention of LBW and development and/or strengthening of future HIV/AIDS
interventions, guidelines, and policies.
1c. Hypothesis
This study posits that HIV-infected mothers would have greater odds of giving birth to low
birth weight offspring than HIV-uninfected mothers. There are several pathophysiological
mechanisms that support this hypothesis. Firstly, HIV infection lowers the immune systems of the
mother thereby predisposing the mother to more illnesses. Even though with appropriate
interventions HIV virus is not transmitted from mother to child/fetus, the lowered immunity of the
3

mother might affect fetal development resulting in LBW. Secondly, due to frequent illnesses the
HIV positive mothers end up being of lower SES, earn less wages, have less education, and have
fewer antenatal visits than their counterparts. These factors have consistently shown in many
studies to be risk factors for delivering LBW offspring. The null hypothesis for this study is that
maternal HIV infection is not an independent risk factor for low birth weight offspring.

4

CHAPTER II
REVIEW OF THE LITERATURE
The literature review examined risk factors for LBW as well as immediately and long term
effects of having low birth weight to the infants. The following chapter is dedicated to presenting
scientific literature that supports inclusion of the variables of interest in this study. These factors
include; child’s sex, maternal age, marital status, maternal education, family income, prenatal care,
and ethnicity.
2a. Low Birth Weight
Birthweight is a precursor for many health outcomes. It explains child mortality and later
morbidity. It is also an intermediate endpoint of maternal lifestyles and health status. It is a
powerful predictor of an individual baby’s survival. Generally, the lower the birth weight, the
higher the risk of infant mortality (McCormick, 1985). Due to its implications on health outcomes,
birthweight is dichotomized; ‘Low birth weight’ (LBW) as a category of babies weighing less than
2500 grams at birth regardless of gestational age and its cause, and ‘Normal birth weight (NBW)’
which is a birth weight of 2500-6000 grams (WHO, 1961).
LBW do occur because an infant is born too early in pregnancy (pre-term birth (PTB)) or
is born at full-term but is growth restricted. It is estimated that about two-thirds of LBW infants
are born preterm (Dunkel Schetter & Tanner, 2012). LBW is sometimes further divided into three
categories; moderate LBW (1500-2499 g), very LBW (1000-1499 g) and extreme LBW (less than
1000 g). In 2010, PTB was the second leading cause of child deaths worldwide (Liu et al., 2012)
and Malawi had the highest prevalence of PTB in the world (Blencowe et al., 2012)
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Various studies have shown LBW to be a significant cause of infant morbidity and
mortality (McCormick, 1985). For instance, McCormick found that LBW babies are typically 20
or more times more likely to die than NBW babies. It is also reported that about 38% of child
mortality that occurs in the first month is directly related to birth weight (Nazari et al., 2013), and
that between 60-80% of all neonatal deaths is attributed to low birth weight (Sachdeva et al., 2013).
Even though the effect of LBW is so prevalent during first days of life, serious health and nonhealthy consequences have been documented across the life course. Such consequences include
physical, intellectual, and behavioral difficulties (Waldman, 2001), and poor educational
attainment (Conley 2000).
2b. Maternal HIV
One of risk factors for LBW is maternal HIV infection. Women who are HIV positive were
more likely than HIV-uninfected women to give birth to LBW infants (Salihu et al., 2012;
Ndirangu et al., 2012; Nkhoma et al., 2012; Wilkinson et al., 2015). A study conducted by Jess
and colleagues in Florida, it was found that the rate of LBW significantly differed between HIVinfected and non-infected women. The infants born to HIV-infected women were on average 303
grams smaller than their fellow counterparts born to HIV negative women (Salihu et al., 2012).
Another study conducted in southern part of Malawi found similar findings (Nkhoma et
al., 2012). The facility-based prospective study registered LBW prevalence of 9% and there was
significant statistical association between maternal HIV status and LBW. Compared to HIV
negative women, the HIV positive women were thrice more likely to give birth to LBW infants.
Similarly, in Tanzania, Wilkinson and colleagues conducted a prospective cohort study of 44 HIVpositive and 70 HIV-negative pregnant women who attended antenatal clinics in rural dispensaries
in Magu district. In their study, HIV-positive mothers experienced a higher proportion of adverse
6

birth outcomes including low birth weight. The infected women delivered babies with lower
average weight and length than their counterparts (Wilkinson et al., 2015).
Some studies done in Malawi and Zambia have even demonstrated the association between
severity of HIV-1 and LBW (Turner et al., 2013; Kuhn et al., 2005; Lambert et al., 2000). These
studies have postulated that the more severe the HIV-1 infection the higher risk of giving birth to
LBW infants. Even though the mechanism on how HIV infection cause LBW remain unknown, it
has been speculated that it facilitates placental inflammation, as a result of coinfection, and it
disrupts the tenuous immunological balance thereby causing LBW. In short, it is believed that
complications related to HIV infection impairs placental functions resulting in LBW (Nazli et al.,
2010).
Most studies conducted on association between maternal HIV and LBW were done in
developed countries where the prevalence of HIV is very low. In addition, most studies were
facility/hospital based, had smaller samples sizes, and controlled for few covariates in their multilogistic regression analysis. Due to aforementioned limitations, the findings could not be
generalized to sub-Saharan region where the prevalence of HIV pandemic is extremely high. This
study will supplement the existing literature by addressing some of the methodological issues
observed in previous studies. Hence using population level data and controlling for many
confounding variables to maximize generalization of results.
2c. Maternal Age
Studies conducted worldwide have provided evidence that maternal age is an important
independent risk factor for LBW. LBW infants were more likely than NBW children to be born
from women aged less than 20 years or greater than 35 years (Li et al., 2013; Negandhi et al.,
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2014; Oladeinde et al., 2016; Makgoba et al., 2012; Reime et al., 2006; Dahlui et al., 2016;
Mohammad et al., 2014). In a hospital based cross-sectional study conducted in Central Women
Hospital, Mandalay during 2008-2009 conducted by Oo and Moe, it was found that the prevalence
of LBW decreased with increasing age until age of 35 and increased thereafter (Oo & Moe, 2015).
The overall prevalence was 7.8% with LBW proportion of 8.6%, 5.7%, and 11.3% in ages <25,
25-34, and 35-39 years respectively.
In a study conducted in Nigeria, the variation of the prevalence of LBW according to
maternal age was also observed (Oladeinde et al 2016). The results of the study indicated that the
women of age group 14-18 years had very high risk for LBW, followed by 19-23 age group after
controlling for potential confounding variables. Even though overall prevalence of LBW was
6.3%, there was great variation of prevalence of LBW. The prevalence was found to be 33.3%,
9.1%, 6.2%, 5.5%, 4.1% and 4.2% in age-group 14-18, 19-23, 24-28, 29-33, 34-38, and >39,
respectively.
Likewise, in India, the study that used routine hospital data collected in 2008-2014, lower
maternal age was also correlated with high risk of LBW (Ahankari et al., 2017). The study that
utilized 655 live births found 13.8% prevalence of LBW. In that study women of age less than 22
years of age at time of delivery had twice the odds of giving birth to LBW infants compared to
older women. Another study conducted in 2011 in Fatima Hospital in northeast Iran showed
similar findings (Chaman et al., 2013). The cross-sectional study recorded 7.2% prevalence of
LBW of neonates and there was significant statistical association between maternal age and LBW.
Compared to 19-35 year age group, the women of age group more than 35 years were 5 times more
likely to give birth to LBW.
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A number of explanations have been speculated as to why incidence of LBW increases in
the both ends of reproductive life; between 15 and 19 years and those over 35 years of age. In
adolescence, the intrinsic biological factors (immature body) as well as high levels of social
disadvantages are believed to be responsible for their high prevalence of LBW. Most adolescent
mothers are single, earn less income, have fewer prenatal care, and lower maternal weight, which
are associated with high incidences of LBW (Roth, Hendrickson, Schilling, & Stowell, 1998).
However, as regards women older than 35 years, it is speculated that pregnancy complications are
responsible for LBW. Other authors suggest, it is not age itself, but high prevalent of chronic
diseases such as hypertension and diabetes are responsible for high prevalence of LBW among
older women (Cnattingius, Forman, Berendes, & Isotalo, 1992).
2d. Marital Status
Accumulating scientific evidence have consistently shown that women who are not married
have increased risk of giving birth to LBW infants (Oladeinde et al, 2016; Frimmel & Pruckner,
2014). However, there are others studies that had failed to show any correlation between marital
status and birth weight (Bacci, Bartolucci, Chiavarini, Minelli, & Pieroni, 2014). These
inconsistency might be due to differences in methodologies and characteristics of study
population.
Oladeinde et al (2016) studied 780 women and live singleton infants in Nigerian traditional
birth homes. In the study that studied different risk factors associated with low birth weight, the
prevalence of LBW was 6.3% with 10.2% in unmarried women and 5.1% in married women. This
study showed that unmarried women were twice more likely to give birth to LBW infants than
married women.

9

Frimmel & Pruckner (2014) also studied determinants of LBW with focus on family status.
They studied Austrian birth data of 1984 - 2007 and the study population included 82% of married
mothers. In the study, the married women gave birth to infants who had the mean birth weight of
89.8 grams higher than those born to unmarried women. The study also found significant lower
birth weight among newborns of women divorced during pregnancy than birth weight of single
mothers. Similar findings were also found in Singapore (Kang, Lim, Kale, & Lee, 2015), Germany
(Reime et al., 2006), and Tanzania (Siza, 2008).
However, some studies do not find significant association between marital status and LBW.
The study conducted in Italy comprised of 792 women who gave birth twice between year 2005
and 2008 of which 87.5% of them were married (Bacci et al., 2014). In this study they controlled
for many covariates including mother’s age, birth intervals, term of deliveries, antenatal visits,
education level, and other variables. After controlling for covariates, the prevalence of birth weight
for infants born to married women were not significantly different from those born from unmarried
(p=0.787).
Marital status has shown to be an important risk factor for LBW and it is closely interrelated
with other factors such as social economic level, age, culture, and race. In sum, LBW babies are
generally children of single mothers who happens to be mostly of younger maternal age
(adolescence) and without husband during the pregnancy, hence economically disadvantaged
(Reichman et al 2008). This partly explains why unmarried mothers have high risk of giving birth
to LBW infants.
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2e. Ethnicity
Previous studies showed that certain groups of people are at more risk of giving birth to
LBW infants (Makgoba et al., 2012; Dahlui et al., 2016; Watson-Jones et al., 2007). Even though
it is not clear why there are racial differences in prevalence of LBW, it is postulated that behavioral,
environmental, socioeconomic, genetic, and/or physiologic risk factors are responsible for the
differences (Fuller, 2000; Valero de Bernabé et al., 2004).
In a study conducted by Makgoba et al (2012), they found that women of non-white racial
origin had higher risk of LBW infants than their counterparts. The black populations delivered
smaller babies than white population did despite the former having significant higher average BMI
than the latter. Similar findings were documented in many other studies conducted in United
States. The Non-Hispanic Blacks and Hispanic Americans have higher prevalence of LBW
offspring than Non-Hispanic Whites do (Okosun et al 2000). The African Americans are twice
more likely to give birth to LBW infants than White women would. However, foreign born
mothers are significantly less likely to give birth to LBW infants than U.S. born women (AcevedoGarcia, et al 2007).
Dahlui et al (2016) also observed variation in prevalence of LBW among different ethnic
groups in Nigeria. The study that utilized 2013 demographic health survey data observed 6.3%
national prevalence of LBW with significant difference across ethnicities. The Yoruba ethnic
group had lowest prevalence of 4.3% while Hausa ethnicity had highest prevalence of 15.4%. The
Igbo ethnic group was found to have a prevalence of 6.0% while the rest of ethnic groups registered
12.5% prevalence of LBW.

11

2f. Education
Education remain a significant risk factor for LBW. The higher the education level of the
mother the lower the risk of giving birth to LBW infants (Oo & Moe, 2015; Demelash et al., 2015;
Mohammad et al., 2014; Taha et al., 2012a). A 2016 study conducted in Nigeria by Dahlui and
colleagues showed that the prevalence of LBW infants had an inverse association with educational
level in women and the proportion of LBW was 14.9% among women without education, 8.0%
among those with primary education, and 7.7% among those with high school or higher. In
developing countries, the odds of giving birth to LBW infants among illiterate mothers was 1.5
times that of literate mothers (Mahumud et al.,2017). Likewise, Oo and Moe (2015) found similar
trend where the prevalence of LBW was 14%, 8.4%, and 4.5% in women of low, middle, and high
level of education, respectively. Again, in Tanzania, women without formal education had fourfold risk of LBW infants than those who had formal education (Siza, 2008).
Education level influences birth outcomes in a number of ways; age and economic
activities. Young women are typically of lower education status and this lower age group is a
strongly associated with high risk of LBW. Secondly, women of low education find it difficult to
get well-paying jobs which offers better medical insurance. Low education also limit uptake of
health services, hence low educated mothers are less likely to take adequate health care including
prenatal care due to lack of capacity to make right decisions about their health and health of unborn
child (Silvestrin et al., 2013). In short, minimum of high school level of education is important for
better health care utilization and birth outcomes.
2g. Socioeconomic Status /Family Income
One of the factors influencing health status of the populations is the socio-economic level.
It is measured using different variables most of which are education, income, and occupation.
12

Women of low SES have poorer health and more likely to give birth to LBW infants than their
counterparts (Demelash et al., 2015; Hirschman & Fernandez, 1980; Lund et al., 1999). Income
variable is a known risk factor for LBW as disadvantaged circumstances may lead to inadequate
access to healthcare, poor nutrition, low educational attainment, more smoking and drug abuse,
and more stress which all contribute to poor fetal growth (Mohammad et al., 2014).
Income may also affect prevalence of LBW offspring by its influence on prenatal and
perinatal factors. Mothers of low income tend to have no or poor health insurance which result in
poor health seeking behaviors and consequently having poor birth outcome including low birth
weight (Mahmoodi et al., 2013). However, the association between offspring birth weight and
income may be confounded by Age and race. Young women generally have lower socioeconomic
status when compared to older women. In addition, income levels varies across different ethnic
groups (Reichman et al., 2008). Studies that examined association between LBW and SES within
different strata of Age and race, suggest a strong direct and indirect inverse association between
income of household/mother and prevalence of LBW offspring (Mahmoodi et al., 2013).
2h. Prenatal Care
Health of women is critical for birth outcomes including birth weight. A small
improvement in health care of mothers lead to important benefits derived from better and earlier
diagnosis of risk factors for LBW. Adequate prenatal care is generally measured in terms of date
of the first antenatal visits, total number of antenatal visits, and length of pregnancy. Pregnant
women are recommended to start attending antenatal clinic (ANC) during the first trimester, attend
at least four (≥4) clinics/visits for normal pregnancy (World Health Organization, 2009). ANC
visits gives pregnant mothers the opportunity to receive services and interventions that are very
important for mother and neonate well-being. It is also vital for identifying women who have
13

increased risk of adverse pregnancy outcomes and be assisted accordingly (Raatikainen et al.,
2007).
Previous studies have established a link between these factors and LBW infants (da
Fonseca et al., 2014; Negandhi et al., 2014; Mahumud et al., 2017; Hendryx et al., 2014; Bacci et
al., 2014), with a stronger association when first visit is not done in first trimester or when the
number of ANC visits is less that the recommended 4 ANC visits. For instance, in Zimbabwe, the
mothers who had inadequate ANC visits had 34% higher odds of having LBW infants than those
with adequate ANC visits (Yaya et al., 2017). Similar findings were also noted in Ghana where
attending less than four ANC visits was associated with 2.55 odds of LBW compared to attending
at least four ANC visit, after adjusting for confounders (Asundep et al., 2014). Study also shows
that high risk women have up to 25% inadequate prenatal care while those low-risk women have
less than 10% (Halpern et al., 1998). In sum, adequate prenatal care prevents LBW regardless of
presence of any confounding variables (Joyce, 1999; Zimmer-Gembeck & Helfand, 1996; CoriaSoto et al., 1996).
2i. Child Sex
Previous studies have shown variation of LBW prevalence among child sex. Some studies
found association between infant sex and LBW (Dubois & Girard, 2006; Mohammad et al., 2014;
Abubakari et al., 2015) while other studies found no significant relationship (Oladeinde et al.,
2016). In Nepal, female infants were 1.5 time more likely to have LBW than male infants (Khanal
et., 2014). Significant higher proportion of LBW in female than male infants was also found in
Italy (Dubois & Girard, 2006), Ghana (Abubakari et al., 2015), Jordan (Mohammad et al., 2014).
However, a follow up study conducted in Nigeria showed no significant association between child
gender and LBW(Oladeinde et al., 2016)
14

It is still unclear why there is gender differences on LBW prevalence (higher risk in female
infants). However, researchers postulate that such variation can be explained by the specific
intrauterine growth patterns. For instance, Lampl et al in their longitudinal study found that the
growth of male fetuses is more sensitive to maternal weight and height, varying with gestational
age (lampl et al., 2009). Thus, the authors suggested that biological and non-biological
determinants of intrauterine growth might be regulated by fetal sex resulting in LBW sex
differences.
2j. Long Term Effects
Apart from increased under-five morbidity and mortality, LBW has shown to be associated
with many long terms effects. These effects include increased risks of illnesses in adulthood
(Barker 1999, Erik 2001), worse self-reported health at 23 and 33 years of age (Currie & Hyson,
1999), increased risk of high school drop-out (Conley 2000), decreased health and IQ leading to
negative effect on labor market outcomes, education attainment and earning (Currie & Moretti,
2007; Black et al., 2007), and consequently impacting on birth weight of future generation (Royer,
2009). Previous studies indicate that LBW children have greater chance of repeating a grade in
school as well as more difficulty graduating from high school. According to Conley and Bennet
(2000), children of low birth weight are 34% less likely to graduate from high school at an
appropriate age.
LBW is postulated to facilitate deposition of adipose tissues in the abdomen thereby
causing overweight/obesity which consequently lead to metabolic syndrome, diabetes mellitus,
and insulin resistance (Begum et al., 2013). These changes result in development of cardiovascular
diseases and metabolic diseases in adulthood of LBW babies (Barker, 2007). Hence, LBW infants
are more likely to have hypertension, diabetes mellitus, and other chronic diseases in adulthood
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than NBW infants (Katsuragi et., 2017; Eriksson et al., 2003; Roseboom et al., 2000). In short,
there are many health and non-health complications associated with low birth weight.
2k. Prevention Strategies
There are both modifiable and non-modifiable risk factors for low birth weight. Early
maternal age, education, marital status, income, maternal HIV, and prenatal care, are some of
modifiable risk factors while ethnicity and child sex are non-modifiable factors. Therefore
addressing the prevalence of low birth weight requires focus on changing or addressing modifiable
risk factors.
Prevalence of LBW can be reduced by delaying motherhood until appropriate age is
reached. This can be achieved by avoiding getting into marriage during teenage period or using
appropriate family planning methods until normal/appropriate maternal age is reached. When
adolescents delay pregnancy they increase better pregnancy and birth outcomes since they will
give birth at time their body is mature enough.
Since poverty associated with unmarried marital status make such women to have high
odds of giving birth to LBW offspring, preventing prevalence of LBW require unmarried women
to be financially well and/or avoiding motherhood before they get married. Early start of ANC
visits and attending the ANC clinic at least 4 times during pregnancy also help in preventing LBW.
The educated women earn more income, and since both of these factors are associated with LBW,
women should wait to get adequate education before getting married and giving birth.
Even though maternal HIV positive status cannot be changed, efforts can be made to reduce
LBW by reducing HIV positive women who give birth and preventing HIV infection among HIV
negative women. If those who have the virus avoid motherhood, and the prevalence of HIV is
16

reduced through appropriate policies, guidelines, and interventions, the prevalence of LBW can
greatly be reduced. Some important interventions might include strengthening health education,
and provision of supplemental nutrition during antenatal clinics.
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CHAPTER III
METHODS AND PROCEDURES
3a. Data source
The data source for this thesis was the 2010 Malawi Demographic and Health Survey (2010
MDHS). The survey was conducted by the National Statistical Office (NSO) in partnership with
the Ministry of Health Community Sciences Unit (CHSU). However, the data was obtained from
the

United

States

Agency

for

International

Development

(USAID)

website

at

http://www.dhsprogram.com/data/available-datasets.cfm, after Demographic and Health Survey
Program and ICF International granted permission when the purpose of study was explained.
Malawi DHS survey is a large, nationally representative household-based survey,
implemented to obtain detailed information on fertility levels, nuptiality, fertility preferences,
knowledge and use of family planning methods, breastfeeding practices, nutritional status of
mothers and children, childhood illnesses and mortality, use of maternal and child health services,
maternal mortality, and domestic violence. The main objective of the 2010 MDHS was to provide
up-to-date information for policymakers, planners, researchers, and programme managers to help
them evaluate and improve existing programs (National Statistical Office (NSO) and ICF Macro,
2011).
The sample for the 2010 MDHS was designed to provide population and health indicator
estimates at the national, regional, and district levels. The 2008 Malawi Population and Housing
Census (PHC) was used as sampling frame. The sample was selected using a stratified, two-stage
cluster design, with clusters used as sampling units for the first stage, and households list in each
cluster as sampling units for the second stage. In the first stage, sample of 849 clusters was selected,
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and a representative sample of 27,345 households were selected in the second stage. A third of
households were sampled for HIV testing for eligible women.
3b. Study design
A cross sectional study was conducted to assess the association between Low birth weight
and maternal HIV status, adjusting for child sex, maternal age, maternal education, marital status,
prenatal care, family income, and ethnicity. The Standard Demographic and Health Surveys (DHS)
phase VI data for Malawi was used.
3c. Study population and sample size
The sample for this thesis consisted of 7716 mother-child pairs who had answered all the
questions for the variables used in the analysis. Analysis was restricted to under-five live singleton
children who had birth weight and their gender documented, and to their mothers who had known
HIV status, maternal age, marital status, highest education level, total antenatal visits, family
income (wealth index), and race/ethnicity. Birth file had children ranging from birth to 37 years
old, but only those of 5 years old and less were used in this study since the older ones had many
missing values on variables of interest. The maternal age was restricted to 15-49 years old while
birth weight was restricted to 200-6000 grams. All participants who did not have complete
information on the selected variables were eliminated from the study.
3d. Variables of Interest
The dependent variable in this study was low birth weight. This variable was recorded in
the dataset as a continuous variable but for sake of this study it was dichotomized (i.e. changed
into categorical variable). Low birth weight was defined as birth weight less than 2500 grams.
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The maternal HIV status was independent variable for the current study. Although in 2010
DHS the HIV status included those who refused and those with unknown status, this study was
restricted to those women who had known HIV status.
In order to examine unbiased association between LBW and maternal HIV status, the
following covariates were included in this study. These variables were selected based on literature
review and their availability in the DHS data set.
CHILD GENDER: child’s sex was self-reported as male child and female child.
MATERNAL AGE: Age was reported as a whole number in years at the time of interview. Since
this study was interested in maternal age, it was derived from mother current age and child current
age. The derived/calculated maternal age was then recoded into three categories based on literature
review. These three categories were 15-19 (young age), 20-34 (middle age) and 35-49 (old age).
MARITAL STATUS: Women were classified either as; never in union, married, living with
partner, widowed, divorced, or no longer living together. This study dichotomized this variable;
married and unmarried.
PRENATAL CARE: Total antenatal visits during pregnancy was determined and dichotomized
into inadequate (<4 ANC visits) and adequate (≥4 ANC visits).
EDUCATION: Maternal highest education level attained was self-reported and was categorized
into 4 groups; No education, primary, secondary, and Higher. This study re-categorized into 3
groups by combining the last two groups into one group called ‘secondary or higher’.
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FAMILY INCOME: DHS categorized family wealth index into 5 groups; poorest, poor, middle,
richer, and richest. This study re-categorized wealth index into 3 groups by combining the first
two groups and last two groups.
ETHNICITY: Malawi has more than 10 ethnic groups and DHS documented all of them. This
study was restricted to the 5 major ethnic groups; Tumbuka, Chewa, Ngoni, Yao, and Lomwe, and
grouped the rest of ethnic groups into one group called ‘other races’.
3e. Data Analysis
Statistical Analysis System -SAS® (SAS Institute Inc., Cary, NC, USA) software program
version 9.4 was used for all data analyses. In the descriptive analysis, frequency procedure was
used to provide the descriptive characteristics of independent and dependent variables, and
covariates. Means of normally-distributed continuous variables; birth weight and maternal age,
between HIV-positive and HIV-negative mothers, were compared using student’s t-test.
Proportions of categorical variables between HIV positive and HIV negative women were
compared using Pearson chi-square tests. The prevalence estimates of LBW among different
categories of child gender, maternal HIV status, maternal age, marital status, education level,
prenatal care, income, and ethnicity were performed using Pearson chi-square test. Bivariate
logistic regression was performed and crude odds ratios (COR) or 95% confidence interval (CI)
were determined to ascertain the relative measure of effect of each variable on outcome variable.
Then, multivariable logistic regression analyses were performed and adjusted odds ratios (AOR)
or 95% CI were computed to determine the effect of maternal HIV status on LBW, adjusting for
child and maternal socio-demographic factors. Statistical assessment of interaction between
maternal HIV infection and other cofactors of interest on the risk of LBW was made using

21

homogeneity strategy. Throughout all the analyses performed, a p-value of <0.05 or confidence
interval of 95% were used to determine any statistical significance.
In 2010 DHS survey, stratified sampling was used and the 849 clusters were not allocated
among the districts in proportion to their contribution to national population. In Malawi, more than
90 percent of population resides in rural areas, and some districts and regions are small. In order
to have enough clusters to represent such sections, the Northern region and urban areas were
oversampled (National Statistical Office (NSO) and ICF Macro, 2011). Therefore, in order to take
into account/adjust for disproportionate sampling, and to restore the representativeness of the
sample, so that the total sample distribution “look like” the country actual population, the sample
weights were included in all statistical analyses performed.
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CHAPTER IV
RESULTS
4a. Descriptive Statistics
The total sample of DHS respondents that met the study eligibility criteria was 7716 live
singleton children and their mothers of whom 331 (4.29%) women were HIV positive. The
demographic characteristics of the respondents who were included in the study with respect to
birth weight, child sex, maternal age, marital status, education, prenatal care, family income, and
ethnicity stratified by maternal HIV status are presented in Table 1. Overall, the majority of study
population were married (86%), middle aged (71%), had primary education (66%), richer wealth
index (44%), and were of Chewa tribe (34%). About half of infants were female children, and just
over half of women had inadequate prenatal care. The mean (±standard deviation [SD]) birth
weight of live birth was 3271 (±723) and infants born to HIV negative mothers were, on average,
83 grams heavier than those born to HIV positive mothers.
Statistically, the mean birth weight of infants born to HIV positive was statistically
significantly lower than that of infants born to HIV negative mothers. Similarly, when birth weight
was dichotomized, the frequency of LBW infants among HIV-uninfected mothers was statistically
significantly lower from their counterparts. There was also significant difference between HIV
infected mothers and uninfected ones in terms of maternal age at delivery, marital status, and
race/ethnicity. HIV positive mothers were significantly much older at delivery, unmarried, and
from Lomwe tribe than their counterparts. However, the frequencies of child sex, total ANC visits,
highest education level attained, and family income did not statistically differ significantly by
maternal HIV status.
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Table 4.1 Characteristics of study participants among 7716 mother-infant pairs according to
maternal HIV statusa
P-Value
Characteristics
HIV+b (n=331)
HIV-b (n=7385)
Overall
Mean
3192

STD
724

Mean
3275

STD
723

Mean
3271

STD
723

5.96
%
13.60

26.18
n
684

6.49
%
9.26

26.33
n
729

6.5
%
9.45

<.0001c

Low birth weight

29.6
n
45

Female Child

180

54.38

3698

50.07

3878

50.26

0.1746d

Unmarried mothers

111

33.53

967

13.09

1078

13.97

<.0001d

Inadequate ANC visits
163
Maternal Age at delivery
< 20 years
27

49.24

3776

51.13

3939

51.05

0.5544d
<.0001d

8.16

1514

20.50

1541

19.97

233

70.39

4978

67.41

5211

67.53

71

21.45

893

12.09

964

12.49

Birth weight, g
Maternal Age, y

20-34 years
>34 years
Maternal Education
No education
Primary
Secondary or higher
Family Income
Poor

0.0412c

0.0337d

0.0653d
54

16.31

888

12.02

942

12.21

216

65.26

4843

65.58

5059

65.57

61

18.43

1654

22.40

1715

22.23
0.2201d

124

37.46

2653

35.92

2777

35.99

Average

62

18.73

1511

20.46

1573

20.39

Richer
Ethnicity
Tumbuka

145

43.81

3221

43.62

3366

43.62

26

7.85

756

10.24

782

10.13

Chewa

70

21.15

2549

34.52

2619

33.94

Ngoni

32

9.68

935

12.66

967

12.53

Yao

43

12.99

983

13.31

1026

13.30

Lomwe

102

30.82

1166

15.79

1268

16.43

Others races

58

17.52

996

13.49

1054

13.66

< .0001d

a

Significant values are in bold font
HIV+ HIV positive mothers, HIV- HIV negative mothers
Student’s t-test for comparisons of means between groups based on maternal HIV status as HIV-positive vs HIV-negative mothers
d
Pearson chi-square test for comparison of proportions
b
c
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A total of 7,716 singleton babies born 5 years preceding the survey were analyzed, of which
729 were LBW. Therefore, the prevalence of LBW was estimated as 9.45% in this study. Chisquare analyses showed that maternal HIV status, maternal age, maternal education, family
income, and ethnicity were statistically related to LBW [Figure 2]. However, child sex, marital
status, and prenatal care was not statistically related to LBW. The prevalence of LBW was higher
among infants born to HIV infected mothers, as compared to those born to HIV negative mothers.
Female children had statistically non-significant higher prevalence of LBW than their male
counterparts. Teenage mothers registered the highest percentage of LBW followed by the older
mothers, and least among the middle-aged mothers. The proportion of LBW babies was slightly
higher among unmarried mothers than married mothers, but it was not a statistically significant
difference. The prevalence of LBW decreased with increasing maternal education, mothers with
secondary or higher education having the least prevalence and those who had no education having
the highest prevalence. Women who had inadequate prenatal care had statistically non-significant
higher proportion of LBW infants than their counterparts. There was also a statistically significant
difference in LBW rates by ethnicity with Chewa and Ngoni tribes having highest and lowest
prevalence of LBW infants, respectively.
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Table 2: LBW prevalence by maternal and Child factors : results of chisquare testsa
Variables
Low birth weight
P-Value
n
%
Maternal HIV status
Positive
Negative
Child sex
Female
Male
Maternal Age at delivery
< 20 years
20-34 years
>34 years
Marital status
Unmarried
Married
Maternal Education
No education
Primary school
Secondary or higher
Prenatal care
< 4 ANC Visits
≥ 4 ANC Visits
Family Income
Poor
Average
Richer
Ethnicity
Tumbuka
Chewa
Ngoni
Yao
Lomwe
Others races
a

0.0337
45
684

13.60
9.26
0.3344

347
382

9.85
9.04
< 0.0001

207
424
98

13.43
8.14
10.16
0.4085

112
617

10.39
9.29
0.0040

113
497
119

12.00
9.82
6.94
0.6845

378
351

9.60
9.29
0.0001

326
132
271

11.74
8.39
8.05
< 0.0001

63
333
65
82
107
79

8.06
12.71
6.72
7.99
8.44
7.50

Significant values are in bold font

26

4b. Logistic analyses
Bivariate logistic regression analysis was performed using the dataset to examine the
influence of each risk factor on low birth weight. The unadjusted odds ratios showed statistically
significant associations between LBW and maternal sociodemographic characteristics: maternal
HIV status, maternal age, maternal education, family income, and ethnicity [Table 3]. HIV positive
mothers had significantly elevated risk for low birth weight offspring in this study. Teenage
maternal age was also associated with increased risk for LBW. Having primary education, being
illiterate, and belonging to poor wealth-index were also statistically significantly associated with
higher risk for LBW infants. Among the six ethnic groups in this study, only Chewa women had
a statistically significant higher risk for LBW, when compared to Ngoni women. However,
mothers who gave birth to female child, who were unmarried, gave birth at old age, had inadequate
ANC visits, had richer wealth-index, and belonged to Lomwe, Tumbuka, Yao, or other races did
not have statistically significantly higher risk to have LBW offspring than their counterparts.
After adjusting for the covariates selected based on literature review and their availability
in the dataset, a multivariable logistic regression model revealed that Maternal HIV positive status,
young maternal age at delivery, lower maternal education level, poor wealth index, and Chewa
ethnicity were independently associated with a higher odds of LBW [Table 3]. However, child
sex, single (unmarried) motherhood, old age motherhood, and inadequate prenatal care were not
significantly associated with LBW. According to this model, Chewa ethnicity was strongest factor
associated with LBW, followed by teenage motherhood, and then maternal HIV positive status.
These results show that maternal HIV status is an independent risk factor for LBW and support
the hypothesis that HIV positive mothers have greater risk for LBW offspring compared to HIV
negative mothers even after controlling for known confounders.
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Table 3. Results of Bivariate and Multivariate Logistic Model for Maternal and Child
factors associated with LBW
Variables

Crude Odds Ratio

Adjusted Odds Ratio**

OR

95% CI*

AOR

95% CI

HIV positive mothers

1.55

1.03-2.33

1.77

1.17-2.67

Female Child

1.10

0.91-1.34

1.11

0.91-1.36

Maternal Age at delivery
20-34 years (Referent)
< 20 years

1.75

1.38-2.22

1.86

1.47-2.35

1.28

0.94-1.74

1.07

0.78-1.47

1.13

0.85-1.50

1.01

0.76-1.34

Maternal Education
Secondary or higher (referent)
No education
1.81

1.28-2.58

1.66

1.13-2.43

1.45

1.08-1.95

1.29

0.94-1.77

1.04

0.87-1.24

1.05

0.87-1.26

Family Income (Wealth index)
Average (referent)
Poor
1.45

1.12-1.88

1.37

1.05-1.78

0.96

0.72-1.26

1.09

0.82-1.40

2.01

1.45-2.78

1.92

1.39-2.66

Lomwe

1.27

0.88-1.83

1.21

0.84-1.75

Tumbuka

1.20

0.76-1.89

1.30

0.82-2.05

Yao

1.20

0.82-1.76

1.10

0.76-1.61

Others races

1.12

0.78-1.61

1.08

0.77-1.55

>34 years
Unmarried mothers

Primary school
Inadequate prenatal care

Richer
Ethnicity
Ngoni (Referent)
Chewa

*CI confidence interval. Significant values are in bold font.
** Adjusted for all variables listed in the table
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4c. Interaction of maternal HIV infection with maternal factors
Further analyses were carried out to assess homogeneity effects between maternal HIV
status and the covariates on the risk of LBW. As table 4 shows, HIV positivity tended to interact
with maternal age, prenatal care, and marital status on the risk of LBW, although the interactions
were not statistically significant. In comparison with HIV negative mothers, the risk of LBW for
HIV positive mothers increased with increasing maternal age, inadequate antenatal visit, and
unmarried marital status.
Table 4.4 Homogeneity effects of maternal HIV infection and maternal factors on the risk of
LBW in a sample of 7716 mother-child pairs, Malawi 2010 DHS
Covariates

Maternal
HIV status

LBW
Yes
No

Odds Ratio
Crude Adjusted*
95% CI

Positive
Negative
Positive
Negative
Positive
Negative

4
203
28
396
13
85

23
1311
205
4582
58
808

1.12
1.00
1.58
1.00
2.13
1.00

Positive
Negative
Positive
Negative

20
331
26
352

148
3278
137
3424

1.34
1.00
1.85
1.00

Positive
Negative
Positive
Negative
Negative

21
91
25
592
254

90
876
195
5826
2967

Maternal Age
< 20 years
20-34 years
> 34 years

1.22

0.35 - 4.29

1.78

1.09 - 2.91

2.39

1.02 - 5.58

1.46

0.78 - 2.75

2.13

1.30 - 3.56

2.25
1.00

2.79

1.37 - 5.70

1.26
1.00

1.45

0.89 - 2.46

Prenatal care
≥ 4 ANC Visits
< 4 ANC Visits
Marital status
Unmarried
Married

*adjusted for remaining covariates in the model
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CHAPTER V
DISCUSSION AND CONCLUSION
5a. Discussion
This is one of few studies that examined the relationship between maternal HIV infection
and LBW in a setting with highest prevalence of HIV infection. The results indicate that HIV
positive women are at statistically significantly increased risk for giving birth to low birth weight
infants even after adjusting for confounders such as maternal age, marital status, maternal
education, prenatal care, family income, race, and child sex. The risk is more pronounced as the
mother gets older and among unmarried women. On the other hand, having adequate prenatal visits
mitigates the effect of HIV positivity on low birth weight.
The prevalence of LBW in this representative cross-sectional study was 9.45%, which is
similar to national reports (National Statistical Office (NSO) and ICF Macro, 2011). Although this
proportion of LBW is lower than 19.9-21.5% reported in previous facility based prospective study
(Taha et al., 2012b), it is still a major challenge to reduce neonatal mortality in Malawi. Apart
from neonatal mortality, LBW is also likely to significantly increase developmental disabilities
such as learning difficulties, visual and auditory deficits, and cerebral palsy (Currie & Moretti,
2007; Black et al., 2007).
The finding of an increased risk of LBW among HIV-positive mothers is consistent with
those reported in previous studies (Salihu et al., 2012; Siza, 2008) including studies done in
Malawi (Nkhoma et al., 2012). In a population-based retrospective study in Florida, Salihu and
colleagues found 40% greater likelihood for LBW among HIV-positive mothers (Salihu et al.,
2012). Likewise, a facility-based cross-sectional study (n = 648) in Tanzania (Siza, 2008) found
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that HIV-positive mothers had a twice increased risk of LBW (OR = 2.4; 95% CI 1.1-5.1).
Similarly, NKhoma and colleagues followed up 831 Malawian pregnant women, and maternal
HIV status was associated with increased risk of LBW (OR=3.08; CI 1.40-6.79). HIV infection
might influence LBW through placental inflammation which disrupt placental function. This
observed association between LBW and maternal HIV status might have been strengthened by
poor maternal nutrition, and poverty due to limited economic productivity, and co-morbidity with
other illnesses, which are common among HIV positive women and are well-known determinants
for LBW in developing countries (Watson-Jones et al., 2007).
This study has shown that maternal age, maternal education, wealth index, and ethnicity
were statistically significantly associated with the birth weights of the infants. A large number of
epidemiological studies have shown similar findings (Dahlui et al., 2016; Taha et al., 2012b). High
prevalence of LBW in younger mothers might be due to their incomplete physical development as
well as due to their social disadvantages such as low social economic status, low education, poor
nutrition, and low BMI (Roth et al., 1998). Low maternal education might influence LBW through
low finances associated with it and limited ability for such mothers to make right decisions about
their health (Silvestrin et al., 2013). In short, low education influences poor maternal feeding
practices and maternal health service utilization. Lower wealth index is associated with poor
nutrition and tend to influence prenatal and perinatal factors hence leading to high rates of LBW
(Mohammad et al., 2014). However, it is not clear why Chewa women had significant higher risk
for LBW than other tribes, but it might be due to differences in environmental and genetic factors.
However, the present study did not find a statistically significant association between LBW
and child sex, marital status, or prenatal care. These result are inconsistent with the following
findings that found statistically significant association between infant sex and LBW (Dubois &
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Girard, 2006; Mohammad et al., 2014; Abubakari et al., 2015), and strong association between
marital status and LBW (Oladeinde et al, 2016; Frimmel & Pruckner, 2014). Likewise, they are
contrary to the other findings that found inadequate antenatal visits to be strongly associated with
LBW (da Fonseca et al., 2014; Negandhi et al., 2014; Mahumud et al., 2017; Hendryx et al., 2014;
Bacci et al., 2014; Khanal et al., 2014). One of the reasons for this inconsistency might be due to
free health services in Malawi which render women equal access to health care regardless of their
income level. Previous researchers speculated that married mothers have better income which
enable them to have necessary prenatal care than their counterpart hence lower rates of LBW
reported in previous studies.
This is the first study that assessed the interaction of maternal HIV infection and maternal
factors: maternal age, prenatal care, and marital status income on the risk of LBW. Increase in
maternal age, inadequate antenatal visit, and unmarried marital status modified the effect of HIV
infection of LBW. Previous studies found the significant association between severity of HIV
infection and risk of LBW (Turner et al., 2013; Kuhn et al., 2005; Lambert et al., 2000), therefore,
it can speculated that the increase in maternal age modify the association between HIV infection
and LBW by increasing the severity of the infection, since the HIV positive older mothers are
more likely to have been lived with the HIV virus for longer period than young HIV positive
mothers. In addition, increase in age result in decrease in body immunity to infections thereby
exacerbating the effect of HIV on LBW. Inadequate antennal visits and unmarried marital status
might modify the association through poor maternal nutrition and poverty due to inadequate health
education and limited economic productivity (Watson-Jones et al., 2007). These findings support
the need to intervene with supplemental nutrition interventions during antenatal clinics in order to
successfully reduce LBW babies.
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5b. Study strengths and Limitations
The major strength of this study was the availability of a large sample size, nationally
representative dataset. This is one of the largest study in terms of study participants that determine
the association between maternal HIV status and LBW. The large, ethnically diverse sample
enhances the generalizability of the findings. The population-level study design reduced selection
bias and limitation of generalization of results that commonly impact facility-based studies.
Another strength is that many of well-known risk factors for LBW were taken into account when
determining the association between maternal HIV status and LBW.
Certain limitations need to be taken into consideration when interpreting the results of this
analysis. One of them is the use of secondary data which limited the researcher from adjusting for
other confounders such as chronic diseases, alcohol use, and nutritional factors since they were
not included in the dataset. It is possible, for instance, that HIV positive women were more
alcoholic or underweight resulting in high odds of LBW. Another inherent weakness of the study
is the fact that there is possibility of misclassification bias due to recall bias since variables such
as age, education, and family income were self-reported in DHS. Such bias is likely to be a nondifferential misclassification, resulting in underestimation of the association. However, the DHS
has been collecting data by similar methods for more than two decades, and there has been a
substantial improvement in the completeness and reliability of the dataset (ICF International,
2012)
In addition, cigarette smoking and body mass index, known risk factors, were not assessed
due to many missing values and too few smokers in dataset, respectively, even though 10% of
adult general population in Malawi smoke cigarettes (Muula et al., 2008). Finally, due to cross-
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sectional nature of the study design, causal relationship between the maternal HIV status and LBW
could not be stablished.
5c. Implications of Findings
The findings of this study has a public health implications. Women most likely to be
infected with HIV in pregnancy mirror those living with HIV in the general population – namely,
women who are unmarried, with lower educational attainment, lower income, and younger than
20 years of age. In addition, we found a strong association between LBW and maternal HIV status.
Therefore, consideration of HIV risk and status should be thought of when providing the
continuum of care to women for healthier outcomes for mothers and offspring. Essentially,
preconception care is of paramount importance since HIV positive women of reproductive age
require appropriate preventive measures for disease transmission, and protective strategies for
better pregnancy outcome. Therefore, the findings from this study will provide insights for public
health professionals and policy makers to implement HIV prevention strategies or interventions
programs to reduce the prevalence of LBW in the future. Therefore, these findings should be
thought of by policy makers and prompt the development of effective public health interventions
that could reduce the adverse effects of maternal HIV infection on newborn body weight.
5d. Recommendations for Future Research
Future research is necessary to examine if the association between the maternal HIV
infection and LBW is confounded by the HIV treatment during the preconception period, as well
as during pregnancy. In addition, other factors for LBW, such as body mass index, food security,
nutritional status during pre-pregnancy and pregnancy, pregnancy-induced hypertension, and other
health related factors should be controlled in the future investigations.
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5e. Conclusion
In conclusion, this study demonstrated that being maternal HIV positive was independently
associated with LBW. In Malawi, where prevalence of maternal HIV is high, clinicians, public
health practitioners, and policy makers should be actively involved in health education to increase
awareness among HIV-negative mothers of importance of preventing HIV infection for better birth
weight offspring. The awareness to HIV positive women can help them to make informed decision
on whether to get pregnant or not, and when they are pregnant, to attend antenatal clinics regularly
and follow nurses recommendations on good maternal nutrition, for them to reduce the risk of
LBW. In short, current study has substantiated the need to recognize HIV-positive pregnant
mothers as high risk obstetric patients who need extra surveillance during pregnancy and delivery,
and the need to strengthen HIV prevention among women of child bearing age in order to reduce
the prevalence of LBW infants.

35

References
Abubakari, A., Kynast-Wolf, G., & Jahn, A. (2015). Maternal Determinants of Birth Weight in Northern Ghana. PLOS
ONE, 10(8), e0135641. https://doi.org/10.1371/journal.pone.0135641
Acevedo-Garcia, D., Soobader, M.-J., & Berkman, L. F. (2007). Low birthweight among US Hispanic/Latino
subgroups: The effect of maternal foreign-born status and education. Social Science & Medicine, 65(12),
2503–2516. https://doi.org/10.1016/j.socscimed.2007.06.033
Ahankari, A., Bapat, S., Myles, P., Fogarty, A., & Tata, L. (2017). Factors associated with preterm delivery and low
birth

weight:

a

study

from

rural

Maharashtra,

India.

F1000Research

2017,

6(72).

https://doi.org/10.12688/f1000research.10659.1
Asundep, N. N., Jolly, P. E., Carson, A., Turpin, C. A., Zhang, K., & Tameru, B. (2014). Antenatal Care Attendance,
a Surrogate for Pregnancy Outcome? The Case of Kumasi, Ghana. Maternal and Child Health Journal, 18(5),
1085–1094. https://doi.org/10.1007/s10995-013-1338-2
Bacci, S., Bartolucci, F., Chiavarini, M., Minelli, L., & Pieroni, L. (2014). Differences in Birthweight Outcomes: A
Longitudinal Study Based on Siblings. International Journal of Environmental Research and Public Health,
11(6), 6472–6484. https://doi.org/10.3390/ijerph110606472
Barker, D. J. P. (2007). The origins of the developmental origins theory. Journal of Internal Medicine, 261(5), 412–
417. https://doi.org/10.1111/j.1365-2796.2007.01809.x
Begum, G., Davies, A., Stevens, A., Oliver, M., Jaquiery, A., Challis, J., White, A. (2013). Maternal Undernutrition
Programs Tissue-Specific Epigenetic Changes in the Glucocorticoid Receptor in Adult Offspring.
Endocrinology, 154(12), 4560–4569. https://doi.org/10.1210/en.2013-1693
Black, S. E., Devereux, P. J., & Salvanes, K. G. (2007). From the cradle to the labor market? The effect of birth weight
on adult outcomes. The Quarterly Journal of Economics, 122(1), 409–439. Retrieved from
http://qje.oxfordjournals.org/content/122/1/409.short
Blencowe, H., Cousens, S., Oestergaard, M. Z., Chou, D., Moller, A.-B., Narwal, R., others. (2012). National, regional,
and worldwide estimates of preterm birth rates in the year 2010 with time trends since 1990 for selected
countries: a systematic analysis and implications. The Lancet, 379(9832), 2162–2172. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0140673612608204

36

Chaman, R., Amiri, M., Raei, M., Ajami, M.-E., Sadeghian, A., & Khosravi, A. (2013). Low birth weight and its
related risk factors in northeast Iran. Iranian Journal of Pediatrics, 23(6), 701. Retrieved from
http://pubmedcentralcanada.ca/pmcc/articles/PMC4025130/
Cnattingius, S., Forman, M. R., Berendes, H. W., & Isotalo, L. (1992). Delayed childbearing and risk of adverse
perinatal

outcome:

a

population-based

study.

Jama,

268(7),

886–890.

Retrieved

from

http://jama.jamanetwork.com/article.aspx?articleid=399272
Coria-Soto, I. L., Bobadilla, J. L., & Notzon, F. (1996). The effectiveness of antenatal care in preventing intrauterine
growth retardation and low birth weight due to preterm delivery. Oxford University Press. Retrieved from
https://academic.oup.com/intqhc/article-abstract/8/1/13/1796316
Currie, J., & Hyson, R. (1999). Is the impact of health shocks cushioned by socio-economic status? The case of low
birthweight.

(2

No.

89)

(pp.

245–250).

American

Economic

Review.

Retrieved

from

http;//www.nber.org/paper/w6999
Currie, J., & Moretti, E. (2007). Biology as destiny? Short-and long-run determinants of intergenerational transmission
of

birth

weight.

Journal

of

Labor

Economics,

25(2),

231–264.

Retrieved

from

http://www.journals.uchicago.edu/doi/abs/10.1086/511377
da Fonseca, C. R. B., Strufaldi, M. W. L., de Carvalho, L. R., & Puccini, R. F. (2014). Adequacy of antenatal care and
its relationship with low birth weight in Botucatu, São Paulo, Brazil: a case-control study. BMC Pregnancy
and

Childbirth,

14(1),

255.

Retrieved

from

https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-14-255
Dahlui, M., Azahar, N., Oche, O. M., & Aziz, N. A. (2016). Risk factors for low birth weight in Nigeria: evidence
from the 2013 Nigeria Demographic and Health Survey. Global Health Action, 9(1), 28822.
https://doi.org/10.3402/gha.v9.28822
Demelash, H., Motbainor, A., Nigatu, D., Gashaw, K., & Melese, A. (2015). Risk factors for low birth weight in Bale
zone hospitals, South-East Ethiopia : a case? control study. BMC Pregnancy and Childbirth, 15(1).
https://doi.org/10.1186/s12884-015-0677-y
Dubois, L., & Girard, M. (2006). Determinants of birthweight inequalities: Population-based study. Pediatrics
International, 48(5), 470–478. https://doi.org/10.1111/j.1442-200X.2006.02256.x

37

Dunkel Schetter, C., & Tanner, L. (2012). Anxiety, depression and stress in pregnancy: implications for mothers,
children,

research,

and

practice.

Current

Opinion

in

Psychiatry,

25(2),

141–148.

https://doi.org/10.1097/YCO.0b013e3283503680
Eriksson, J. G., Forsen, T. J., Osmond, C., & Barker, D. J. (2003). Pathways of infant and childhood growth that lead
to

type

2

diabetes.

Diabetes

Care,

26(11),

3006–3010.

Retrieved

from

http://care.diabetesjournals.org/content/26/11/3006.short
Frimmel, W., & Pruckner, G. J. (2014). Birth weight and family status revisited: Evidence from Australian register
data: Health Economics, 23(4), 426–445. https://doi.org/10.1002/hec.2923
Fuller, K. E. (2000). Low birth-weight infants: the continuing ethnic disparity and the interaction of biology and
environment, 10(3), 432–45.
Halpern, R., Barros, F. C., Victora, C. G., & Tomasi, E. (1998). Prenatal care in Pelotas, Rio Grande do Sul, Brazil,
1993.

Cadernos

de

Saúde

Pública,

14(3),

487–492.

Retrieved

from

http://www.scielosp.org/scielo.php?pid=S0102-311X1998000300004&script=sci_arttext
Hendryx, M., Luo, J., Knox, S. S., Zullig, K. J., Cottrell, L., Hamilton, C. W., Mullett, M. D. (2014). Identifying
Multiple Risks of Low Birth Weight Using Person-Centered Modeling. Women’s Health Issues, 24(2), e251–
e256. https://doi.org/10.1016/j.whi.2014.01.001
Hirschman, C., & Fernandez, D. (1980). The decline of fertility in Peninsular Malaysia. Genus, 93–127. Retrieved
from http://www.jstor.org/stable/29788271
ICF International. (2012). Survey Organization Manual for Demographic and Health Surveys. MEASURE DHS.
Calverton. Maryland: ICF International.
Joint United Nations Programme on HIV/AIDS. (2015). Joint United Nations Programme on AIDS (UNAIDS), 2015,
2014 Global Statistics, Geneva, Switzerland: UNAIDS.
Joint United Nations Programme on HIV/AIDS, & World Health Organization. (2013). Joint United Nations
Programme on AIDS (UNAIDS), 2013a, Global report: UNAIDS report on the global AIDS epidemic.
Geneva, Switzerland: UNAIDS : World Health Organization.
Joyce, T. (1999). Impact of augmented prenatal care on birth outcomes of Medicaid recipients in New York City.
Journal

of

Health

Economics,

18(1),

http://www.sciencedirect.com/science/article/pii/S0167629698000277

38

31–67.

Retrieved

from

Kang, G., Lim, J. Y., Kale, A. S., & Lee, L. Y. (2015). Adverse effects of young maternal age on neonatal outcomes.
Singapore

Medical

Journal,

56(3),

157.

Retrieved

from

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4371195/
Katsuragi, S., Okamura, T., Kokubo, Y., Ikeda, T., & Miyamoto, Y. (2017). Birthweight and cardiovascular risk
factors in a Japanese general population: Birthweight and cardiovascular risks. Journal of Obstetrics and
Gynaecology Research. https://doi.org/10.1111/jog.13316
Khanal, V., Sauer, K., Karkee, R., & Zhao, Y. (2014). Factors associated with small size at birth in Nepal: further
analysis of Nepal Demographic and Health Survey 2011. BMC Pregnancy and Childbirth, 14(1), 32.
Retrieved from https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-14-32
Kuhn, L., Kasonde, P., Sinkala, M., Kankasa, C., Semrau, K., Scott, N., Thea, D. M. (2005). Does severity of HIV
disease in HIV-infected mothers affect mortality and morbidity among their uninfected infants? Clinical
Infectious

Diseases,

41(11),

1654–1661.

Retrieved

from

http://cid.oxfordjournals.org/content/41/11/1654.short
Lambert, J. S., Watts, D. H., Mofenson, L., Stiehm, E. R., Harris, D. R., Bethel, J., … Fowler, M. G. (2000). Risk
factors for preterm birth, low birth weight, and intrauterine growth retardation in infants born to HIV-infected
pregnant women receiving zidovudine: AIDS, 14(10), 1389–1399. https://doi.org/10.1097/00002030200007070-00012
Lampl, M., Gotsch, F., Kusanovic, J. P., Gomez, R., Nien, J. K., Frongillo, E. A., & Romero, R. (2009). Sex
differences in fetal growth responses to maternal height and weight. American Journal of Human Biology,
22(4), 431–443. https://doi.org/10.1002/ajhb.21014
Li, N., Liu, E., Guo, J., Pan, L., Li, B., Wang, P., Hu, G. (2013). Maternal Prepregnancy Body Mass Index and
Gestational

Weight

Gain

on

Pregnancy

Outcomes.

PLoS

ONE,

8(12),

e82310.

https://doi.org/10.1371/journal.pone.0082310
Liu, L., Johnson, H. L., Cousens, S., Perin, J., Scott, S., Lawn, J. E., others. (2012). Global, regional, and national
causes of child mortality: an updated systematic analysis for 2010 with time trends since 2000. The Lancet,
379(9832), 2151–2161. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0140673612605601

39

Lund, R., Modvig, J., Hilden, J., Rosdahl, N., Kure, L., & Schmidt, K. (1999). Risk of low birthweight in social
districts of Copenhagen. Scandinavian Journal of Social Medicine, 27(2), 89–93. Retrieved from
http://journals.sagepub.com/doi/abs/10.1177/14034948990270020701
Mahmoodi, Z., Karimlou, M., Sajjadi, H., Dejman, M., Vameghi, M., & Dolatian, M. (2013). Working Conditions,
Socioeconomic Factors and Low Birth Weight: Path Analysis. Iranian Red Crescent Medical Journal, 15(9).
https://doi.org/10.5812/ircmj.11449
Mahumud, R. A., Sultana, M., & Sarker, A. R. (2017). Distribution and Determinants of Low Birth Weight in
Developing

Countries.

Journal

of

Preventive

Medicine

and

Public

Health,

50(1),

18–28.

https://doi.org/10.3961/jpmph.16.087
Makgoba, M., Savvidou, M., & Steer, P. (2012). The effect of maternal characteristics and gestational diabetes on
birthweight: Gestational diabetes and birthweight. BJOG: An International Journal of Obstetrics &
Gynaecology, 119(9), 1091–1097. https://doi.org/10.1111/j.1471-0528.2012.03388.x
McCormick, M. C. (1985). The contribution of low birth weight to infant mortality and childhood morbidity. 312, 82–
90.
Mohammad, K., Kassab, M., Gamble, J., Creedy, D. K., & Foster, J. (2014). Factors associated with birth weight
inequalities

in

Jordan.

International

Nursing

Review,

61(3),

435–440.

Retrieved

from

http://onlinelibrary.wiley.com/doi/10.1111/inr.12120/full
Murai, U., Nomura, K., Kido, M., Takeuchi, T., Sugimoto, M., & Rahman, M. (2017). Pre-pregnancy body mass index
as a predictor of low birth weight infants in Japan. Asia Pacific Journal of Clinical Nutrition, 26(3), 434–
437. Retrieved from https://ncbi-nlm-nih-gov.ezproxy/28429908
Muula, A. S., Siziya, S., & Rudatsikira, E. (2008). Prevalence and correlates of cigarette smoking among adolescents
in Malawi: results from the Global Youth Tobacco Survey 2005. Tanzania Journal of Health Research, 10(3),
166–176. Retrieved from http://www.ajol.info/index.php/thrb/article/view/14357
National Statistical Office (NSO) and ICF Macro. (2011). Malawi Demographic and Health Survey 2010. Zomba,
Malawi, and Calverton, Maryland, USA: NSO and ICF Macro.
Nazli, A., Chan, O., Dobson-Belaire, W. N., Ouellet, M., Tremblay, M. J., Gray-Owen, S. D., … Kaushic, C. (2010).
Exposure to HIV-1 Directly Impairs Mucosal Epithelial Barrier Integrity Allowing Microbial Translocation.
PLoS Pathogens, 6(4), e1000852. https://doi.org/10.1371/journal.ppat.1000852

40

Negandhi, P. H., Negandhi, H. N., Zodpey, S. P., Ughade, S. N., & Biranjan, J. R. (2014). Risk factors for low birth
weight in an Indian urban setting: a nested case control study. Asia Pacific Journal of Public Health, 26(5),
461–469. Retrieved from http://journals.sagepub.com/doi/abs/10.1177/1010539511431486
Nkhoma, E. T., Kalilani-Phiri, L., Mwapasa, V., Rogerson, S. J., & Meshnick, S. R. (2012). Effect of HIV Infection
and Plasmodium falciparum Parasitemia on Pregnancy Outcomes in Malawi. American Journal of Tropical
Medicine and Hygiene, 87(1), 29–34. https://doi.org/10.4269/ajtmh.2012.11-0380
Oestergaard, M. Z., Inoue, M., Yoshida, S., Mahanani, W. R., Gore, F. M., Cousens, S., … on behalf of the United
Nations Inter-agency Group for Child Mortality Estimation and the Child Health Epidemiology Reference
Group. (2011). Neonatal Mortality Levels for 193 Countries in 2009 with Trends since 1990: A Systematic
Analysis

of

Progress,

Projections,

and

Priorities.

PLoS

Medicine,

8(8),

e1001080.

https://doi.org/10.1371/journal.pmed.1001080
Okosun, I. S., Halbach, S. M., Dent, M. M., & Cooper, R. S. (2000). Ethnic Differences in the Rates of Low Birth
Weight Attributable to Differences in Early Motherhood: A Study from the Third National Health and
Nutrition

Examination

Survey.

Journal

of

Perinatology,

20(2),

105–109.

https://doi.org/10.1038/sj.jp.7200328
Oladeinde, H. B., Oladeinde, O. B., Omoregie, R., & Onifade, A. A. (2016). Prevalence and determinants of low birth
weight: the situation in a traditional birth home in Benin City, Nigeria. African Health Sciences, 15(4), 1123.
https://doi.org/10.4314/ahs.v15i4.10
Oo, W. M., & Moe, H. (2015). Delivering Low Birth Weight Babies at Central Women Hospital, Mandalay, 1(2).
Retrieved from https://www.researchgate.net/profile/Win_Oo3/publication/278405513_Delivering_
Low_Birth_Weight_Babies_at_Central_Women_Hospital_Mandalay/links/55803b5708aea3d7096e44a9.p
df
Raatikainen, K., Heiskanen, N., & Heinonen, S. (2007). Under-attending free antenatal care is associated with adverse
pregnancy outcomes. BMC Public Health, 7(1). https://doi.org/10.1186/1471-2458-7-268
Reichman, N. E., Hamilton, E. R., Hummer, R. A., & Padilla, Y. C. (2008). Racial and Ethnic Disparities in Low
Birthweight among Urban Unmarried Mothers. Maternal and Child Health Journal, 12(2), 204–215.
https://doi.org/10.1007/s10995-007-0240-1

41

Reime, B., Ratner, P. A., Tomaselli-Reime, S. N., Kelly, A., Schuecking, B. A., & Wenzlaff, P. (2006). The role of
mediating factors in the association between social deprivation and low birth weight in Germany. Social
Science & Medicine, 62(7), 1731–1744. https://doi.org/10.1016/j.socscimed.2005.08.017
Roseboom, T. J., van der Meulen, J. H., Osmond, C., Barker, D. J., Ravelli, A. C., & Bleker, O. P. (2000). Plasma
lipid profiles in adults after prenatal exposure to the Dutch famine. The American Journal of Clinical
Nutrition, 72(5), 1101–1106. Retrieved from http://ajcn.nutrition.org/content/72/5/1101.short
Roth, J., Hendrickson, J., Schilling, M., & Stowell, D. W. (1998). The risk of teen mothers having low birth weight
babies: implications of recent medical research for school health personnel. 68(7), 271–5.
Royer, H. (2009). Separated at Girth: US Twin Estimates of the Effects of Birth Weight. American Economic Journal:
Applied Economics, 1(1), 49–85. https://doi.org/10.1257/app.1.1.49
Salihu, H. M., M Stanley, K., M August, E., Weldeselasse, H., K Mbah, A., & E Whiteman, V. (2012). The association
between HIV/AIDS during pregnancy and fetal growth parameters in Florida: a population based study.
Current

HIV

Research,

10(6),

539–545.

Retrieved

from

http://www.ingentaconnect.com/content/ben/chr/2012/00000010/00000006/art00008
Silvestrin, S., da Silva, C. H., Hirakata, V. N., Goldani, A. A. S., Silveira, P. P., & Goldani, M. Z. (2013). Maternal
education level and low birth weight: a meta-analysis. Jornal de Pediatria, 89(4), 339–345.
https://doi.org/10.1016/j.jped.2013.01.003
Siza, J. E. (2008). Risk factors associated with low birth weight of neonates among pregnant women attending a
referral hospital in northern Tanzania. Tanzania Journal of Health Research, 10(1), 1–8. Retrieved from
http://www.ajol.info/index.php/thrb/article/view/14334
Taha, T. E., Dadabhai, S. S., Rahman, M. H., Sun, J., Kumwenda, J., & Kumwenda, N. I. (2012a). Trends in Birth
Weight and Gestational Age for Infants Born to HIV-infected, Antiretroviral Treatment-naive Women in
Malawi:

The

Pediatric

Infectious

Disease

Journal,

31(5),

481–486.

https://doi.org/10.1097/INF.0b013e31824d9bd9
Taha, T. E., Dadabhai, S. S., Rahman, M. H., Sun, J., Kumwenda, J., & Kumwenda, N. I. (2012b). Trends in Birth
Weight and Gestational Age for Infants Born to HIV-infected, Antiretroviral Treatment-naive Women in
Malawi:

The

Pediatric

Infectious

Disease

https://doi.org/10.1097/INF.0b013e31824d9bd9

42

Journal,

31(5),

481–486.

The Ministry of Health. (2010). The Ministry of Health Labour and Welfare. The Vital Statistics. Tokyo: Vital, Health
and Social Statistics Office; 2010. Tokyo.
Turner, A. N., Tabbah, S., Mwapasa, V., Rogerson, S. J., Meshnick, S. R., Ackerman, W. E., & Kwiek, J. J. (2013).
Severity of Maternal HIV-1 Disease Is Associated With Adverse Birth Outcomes in Malawian Women: A
Cohort Study, 64.
UNICEF (Ed.). (2005). THE STATE OF THE WORLD’S CHILDREN 2006 Excluded and invisible. New York, NY:
UNICEF.
Valero de Bernabé, J., Soriano, T., Albaladejo, R., Juarranz, M., Calle, M. E., Martı́nez, D., & Domı́nguez-Rojas, V.
(2004). Risk factors for low birth weight: a review. European Journal of Obstetrics & Gynecology and
Reproductive Biology, 116(1), 3–15. https://doi.org/10.1016/j.ejogrb.2004.03.007
Waldman, H. B., S. P. (2001). Low birthweight babies grow older, but there could be many problems. ASDC Journal
of

Dentistry

for

Children,

68(5–6),

356–9,

302.

Retrieved

from

http://sfx.galib.uga.edu/sfx_gsu1?sid=Entrez%3APubMed&id=pmid%3A11985200
Wardlaw, T. M., WHO, & UNICEF (Eds.). (2004). Low birthweight: country, regional and global estimates. Geneva :
New York: WHO ; UNICEF.
Watson-Jones, D., Weiss, H. A., Changalucha, J. M., Todd, J., Gumodoka, B., Bulmer, J., others. (2007). Adverse
birth outcomes in United Republic of Tanzania: impact and prevention of maternal risk factors. Bulletin of
the World Health Organization, 85(1), 9–18. Retrieved from http://www.scielosp.org/scielo.php?pid=S004296862007000100007&script=sci_arttext
WHO. (1961). Aspects of low birth weight. Report of the expert committee of maternal child health. WHO Technical
Report 1961;217:3–16.
WHO. (2004). WHO | Care of the preterm and/or low-birth-weight newborn. Retrieved June 20, 2017, from
http://www.who.int/maternal_child_adolescent/topics/newborn/care_of_preterm/en/
Wilkinson, A. L., Pedersen, S. H., Urassa, M., Michael, D., Todd, J., Kinung’hi, S., McDermid, J. M. (2015).
Associations between gestational anthropometry, maternal HIV, and fetal and early infancy growth in a
prospective rural/semi-rural Tanzanian cohort, 2012-13. BMC Pregnancy and Childbirth, 15(1).
https://doi.org/10.1186/s12884-015-0718-6

43

World Health Organization (Ed.). (2009). Women and health: today’s evidence tomorrow’s agenda. Geneva,
Switzerland: World Health Organization.
World Health Organization. (2014). Global update on the health sector responce to HIV, 2014: HIV reporting.
Geneva: World Health Organization.
Yaya, S., Bishwajit, G., Ekholuenetale, M., & Shah, V. (2017). Inadequate Utilization of Prenatal Care Services,
Socioeconomic Status, and Educational Attainment Are Associated with Low Birth Weight in Zimbabwe.
Frontiers in Public Health, 5. https://doi.org/10.3389/fpubh.2017.00035
Zimmer-Gembeck, M. J., & Helfand, M. (1996). Low birthweight in a public prenatal care program: behavioral and
psychosocial risk factors and psychosocial intervention. Social Science & Medicine, 43(2), 187–197.
Retrieved from http://www.sciencedirect.com/science/article/pii/0277953695003614

44

